A well-known example of a positive association between the level of genetic variation and fitness in endangered species is the studies in Gila topminnow. The work of Vrijenhoek and his colleagues showed lower values for four fitness correlates in laboratory-raised fish from a population that was monomorphic for all 25 allozyme loci examined (Monkey Spring) than for fish from a population that was heterozygous for two of the allozyme loci (Sharp Spring). Here, bilateral asymmetry in wild-caught fish from these sites is examined to determine if the same environmental stressor (or one with similar effects) was present in natural populations of Gila topminnows. There were no differences for all three traits, lateral-line scales, pectoral-fin rays and pelvic-fin rays, previously found to be significantly different between Monkey Spring and Sharp Spring. This, coupled with our earlier finding that fish raised in our laboratory (where there is low mortality) had low bilateral asymmetry, supports the hypothesis that some unknown, and perhaps unnatural, environmental factor in the Vrijenhoek laboratory was responsible for the differences observed in bilateral asymmetry between Monkey Spring and Sharp Spring.
Introduction
A commonly cited example of a positive association between genetic variation and fitness in endangered species is the research on Gila topminnows (Poeciliopsis o. occidentalis) (Vrijenhoek et al., 1985; Quattro & Vrijenhoek, 1989; Vrijenhoek, 1996) . They found that Monkey Spring (MS) fish were monomorphic for 25 allozyme loci, whereas Sharp Spring (SS) fish were polymorphic for two of these loci. Laboratory-raised fish from MS had lower survival, growth rate and fecundity and more bilateral asymmetry than SS fish, suggesting a positive correlation between genetic variation and fitness. Sheffer et al. (1997) detected no significant differences in bilateral asymmetry and survival for laboratory-raised fish from these sites. Further, higher growth rates were observed for MS than for SS (the opposite of that observed by Quattro & Vrijenhoek, 1989) , and fecundity differences that appear to be environmentally induced (Sheffer et al., 1997) . In addition, recent mtDNA analysis shows no difference between these sites (Quattro et al., 1996) , and variation at a major histocompatibility complex (MHC) locus shows variation in MS fish as well as in SS fish (Hedrick & Parker, 1998) . In other words, further investigation has not confirmed the earlier studies for either the measures of fitness or the amount of genetic variation.
It appears that the high mortality observed by Quattro & Vrijenhoek (1989) in all fish and the high asymmetry observed in MS fish may be the result of some unknown laboratory environmental stress (Sheffer et al., 1997) . As a result, bilateral asymmetry in wild-caught Gila topminnows is examined for the three traits found to be significantly different between locations by Quattro & Vrijenhoek (1989) in an effort to determine if natural environmental conditions include stressors with effects similar to those that caused the reported differences in the bilateral asymmetry in laboratory-raised fish in the study of Quattro & Vrijenhoek (1989) .
Materials and methods
The Gila topminnow (Poeciliopsis o. occidentalis) is a small, live-bearing, federally and state-listed *Correspondence. E-mail: hedrick@hedricklab.la.asu.edu ©1998 The Genetical Society of Great Britain. endangered fish, once abundant throughout the lower Gila River drainage of Arizona (Hubbs & Miller, 1941) . The natural populations are now limited to at most nine isolated locations, primarily in springs and stream headwaters (e.g. Sheffer et al., 1997) . The fish examined here were wild-caught individuals from MS and SS, both isolated sites in south-eastern Arizona. MS is a thermally and chemically stable tributary to Sonoita Creek but isolated from that stream by a 10-m-high travertine barrier. SS is a thermally fluctuating, spring-fed tributary to the upper Santa Cruz River. The distance between the two sites by water, when water is present (long reaches are generally dry), is approximately 100 km.
In summer 1993, under U.S. Fish and Wildlife Endangered Species Subpermit Prt-676811, which allowed the capture of 20 Gila topminnows per site, 20 fish were obtained from MS. In addition, 13 fish were obtained from SS stock at nearby Heron Spring (the numbers of Gila topminnows in most areas of SS are quite low because it is highly infested with the introduced mosquito fish, Gambusia affinis). These fish were used to establish captive stocks at Arizona State University but only 13 from MS and 10 from SS were ultimately preserved and thus available for our present analysis. Consequently, to increase our sample size of wild-caught fish, 25 MS fish wild-caught in 1964 and 22 SS fish wild-caught in 1979, obtained from collections at the Arizona State University Museum, were also examined.
Before examination, the fish obtained in 1993 were fixed in 10 per cent formalin and stored in 70 per cent ethanol (the museum samples were treated in the same manner). For all samples, lateral-line scale counts on the right and left sides were first taken (top corner operculum to peduncle along lateral line; Hubbs & Lagler, 1964) . The fish were then cleaned and stained, and right and left fin-ray counts were taken on the pectoral and pelvic fins. Counts for all three traits on all fish were made by C.S.
A variety of indices have been proposed for the measurement of bilateral asymmetry (e.g. Palmer & Strobeck, 1986; Palmer, 1994) . For this study, we used the index referred to as fluctuating asymmetry:
where L indicates the count on the left side, R indicates the count on the right side of the same individual and N is the number of individuals in the sample. This measure provides good statistical power when sample sizes or differences between samples are small (Palmer, 1994) . Differences in bilateral asymmetry levels between the populations and the level of significance within a population were tested using two-tailed t-tests (Zar, 1984) . Antisymmetry results in a platykurtic distribution, i.e. negative kurtosis (Palmer, 1994) , and antisymmetry was tested for by calculating distributional statistics for both locations and all traits.
Results
First, it was determined if the wild-caught samples obtained at different times for each location were homogeneous. The mean trait size was homogeneous over time within location with an average difference per trait of only 2.8 per cent. Using a two-tailed t-test of FA values to determine temporal homogeneity of the three traits within the two different sites, the six probabilities ranged from 0.21 to 0.99 with a mean of 0.62. These results indicate no heterogeneity of FA within site over time for all three traits and, as a result, the MS samples from 1964 and 1993 and the SS samples from 1979 and 1993 were combined in the following analysis.
The bilateral asymmetry values for the wild-caught MS and SS samples are given for the three traits under (a) of Table 1 (the mean numbers per side of lateral-line scales, pectoral-fin rays and pelvic-fin rays, averaged over all fish, were 29.3, 14.2 and 5.8, respectively). No significant difference between populations was found for bilateral asymmetry in any of the three traits. The largest difference was for pelvic-fin rays, in which all MS fish were completely symmetrical and SS fish had a FA value of 0.09 (three out of 32 fish had a left-right difference of one fin ray). For pectoral-and pelvic-fin rays, levels of bilateral asymmetry of both populations were not significantly different from zero. Bilateral asymmetry for lateral-line scales was highly significantly different from zero (P0.005 for both the MS and SS samples). For lateral-line scales, directional asymmetry and bias in left-right differences (Palmer & Strobeck, 1986) were tested for, but the mean left-right difference was not significantly different from zero. Overall, 68 per cent of the sampled topminnows (69 per cent for MS and 67 per cent for SS) were symmetrical for all three traits. There was no evidence of antisymmetry; in fact, all kurtosis values were positive.
Discussion
The present results are similar to our previous findings for laboratory-raised offspring of wild-caught females from MS and SS in 1994 [Sheffer et al., NO BILATERAL ASYMMETRY IN POECILIOPSIS 215 1997; summarized under (b) in Table 1 ]. In that study, there were also no differences in FA values between MS and SS fish for all three traits, and all FA values were not significantly different from zero, including lateral-line scales. On the other hand, under (c) in Table 1 are given the bilateral asymmetry values for the laboratory-raised fish from the study of Quattro & Vrijenhoek (1989) . Unlike our results, they found higher asymmetry for all three traits for laboratory-raised fish from MS than from SS, and the differences between sites are statistically significant (the comparison for pelvic-fin rays is only statistically different when their data from the related subspecies, P. o. sonoriensis, are included; Sheffer et al., 1997) . The value of bilateral asymmetry they observed was statistically different from zero for MS for all three traits and not statistically different from zero for SS for all three traits. The numbers of fish in our wild-caught samples were similar to those in the previous studies, so that there was sufficient statistical power to detect bilateral asymmetry or differences in asymmetry, if either were present.
Comparison of the present results from wildcaught fish with results from previous studies of laboratory-reared fish raises several issues. The wildcaught fish used in the present study were adults. If bilateral asymmetry has fitness consequences for wild Gila topminnows, it is possible that more asymmetrical juveniles would be selected against and eliminated from the population, making it possible that less symmetrical fish have died and may not be present in our wild-caught samples of adults. However, the laboratory-raised fish examined by Sheffer et al. (1997) , which were born from wildcaught mothers less than 14 days after they were brought into captivity, had very low asymmetry. There was also very little mortality (7 per cent and 4 per cent in the MS and SS samples, respectively, over 12 weeks) in these fish before they were measured. In other words, these fish should provide a reasonable baseline value of asymmetry for newborn fish because, with such a low level of mortality, it is highly unlikely that asymmetry at birth could be significantly higher than the low asymmetry observed at 12 weeks.
In our study of laboratory-reared fish (Sheffer et al., 1997) , mortality was only 5.5 per cent over 12 weeks for the combined MS and SS samples, whereas in the study of Quattro & Vrijenhoek (1989) mortality was about 50 per cent over 12 weeks (55 per cent in MS and 44 per cent in SS). The higher bilateral asymmetry and the differences between MS and SS observed by Quattro & Vrijenhoek (1989) may be caused by the same factors that resulted in higher mortality in their study. In all of our wild-caught and laboratory-raised fish in Table  1 , all traits were either symmetrical or differed by a left-right difference of one. This was also generally true for the data of Quattro & Vrijenhoek (1989) (R. Vrijenhoek, pers. comm.) , except that two MS individuals differed by two and three pelvic-fin rays, respectively, and two SS individuals both differed by two pelvic-fin rays. A difference of two or three pelvic-fin rays results in approximately a 30 per cent left-right difference and suggests that the laboratory conditions that caused high mortality also caused extreme asymmetry, even in some of the fish that survived for 12 weeks.
It appears that some unknown, and perhaps unnatural, environmental stress was present under the laboratory conditions of Quattro & Vrijenhoek (SS) , where N is the sample size. Below are given the extent of asymmetry for the same three traits for laboratory-raised fish (b) from Sheffer et al. (1997) (S et al.) and (c) from Quattro & Vrijenhoek (1989) (1989) , which resulted in high mortality in both MS and SS fish and more bilateral asymmetry in MS (see Sheffer et al., 1997 for further discussion). It is possible that this difference in asymmetry between sites may indicate some unknown genetic differences in sensitivity to environmental stress, but because the potential environmental stressor is unknown, it is difficult to make strong inferences from these data (see Sheffer et al., 1997) . Further, because differential levels of bilateral asymmetry between wildcaught MS and SS fish were not observed, it does not appear that this environmental stress (or one with similar effects) is important in the natural environment.
Although it is appealing to have simple answers to genetic questions related to conservation, we must be circumspect in our recommendations based on genetics. In the case of the endangered Gila topminnow, it appears that the phenotypic differences observed between locations for fitness correlates were not genetic and were the result of laboratory environmental conditions for survival, growth rate and bilateral asymmetry and natural environmental differences for fecundity. The association of these presumed fitness values with allozyme heterozygosity in two populations of Gila topminnows appears to be largely coincidental and should not be used for a general prescription for conservation recommendations. However, it should be noted that, based on the recommendations of Quattro & Vrijenhoek (1989) , the captive stock from MS was replaced with one from SS, and subsequent reintroductions have used only SS fish (Sheffer et al., 1997) .
Finally, it is important to publish results that do not give statistically significant differences. If they are not reported, then conclusions that may be wrong or at least oversimplistic become legend in the literature. In particular, it is not clear if or when the level of bilateral asymmetry is correlated with levels of genetic variation, but it is important to note that several recent studies suggest that a positive correlation is not a universal phenomenon (Clarke et al., 1992; Fowler & Whitlock, 1994 ; for perspectives, see Clarke, 1995; Palmer, 1996) .
